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Introduction
Infection rates and mortality due to Clostridium difficile infection (CDI) are increasing [1] [2] . Recurrences of CDI also are common, with 20-30% of patients having a first recurrence, and 45% of these individuals subsequently having a second recurrence [3] .
Some patients experience numerous recurrences, which ultimately may necessitate fecal microbial transplantation (FMT). Whether recurrent CDI (R-CDI) is from persistent C.
difficile gut colonization between episodes, vs. new acquisition of C. difficile from the environment, is unknown.
The hospital environment has been extensively studied as an external source for C. difficile acquisition. C. difficile spores can contaminate the hospital environment of inpatients with CDI, and can persist there for at least 5 months [4] , require specific sporicidal cleaning practices (bleach, hydrogen peroxide vapor, UV technology, etc.) for adequate killing [5, 6] , and contribute to subsequent transmission and disease [5] . In contrast, little is known regarding the possible presence of C. difficile spores in the household environment of CDI patients, including the physical environment and human and animal inhabitants.
Humans and pets can also be asymptomatic C. difficile carriers. Reported carriage prevalence rates vary by host group, e.g., 1-3% for healthy adults, 20-30% for recently hospitalized patients, and 51% for long-term care facility residents during a CDI outbreak, consistent with increased carriage as a result of exposure to environmental contamination [7] [8] . Up to 70% of healthy newborns and infants are also colonized with C. difficile [9] . C. difficile colonization has been shown in 10% of healthy household 2 dogs [10] and up to 40% of cats and dogs at veterinary clinics [11] , although whether this relates to CDI in humans is unknown.
The goal of the present study was to define the prevalence, persistence, epidemiologic correlates, and molecular characteristics of C. difficile in the household environment of R-CDI subjects, including environmental surfaces, humans, and pets.
Methods
Household enrollment. Subjects ≥ 18 years old with R-CDI who were referred to a University of Minnesota gastroenterology clinic, and were scheduled to undergo FMT in the immediate future, were offered study participation (peri-FMT group). Consideration for FMT required (1) a minimum of 2 spontaneous relapses following the initial CDI episode, each within a month of stopping antimicrobial therapy, and (2) documented failure of an advanced antimicrobial therapy regimen (vancomycin pulse/taper, or vancomycin plus rifaximin chaser). Control subjects of similar age and geographic location to case subject were offered participation as a convenience sample from among the investigators' acquaintances. Co-habiting family members of all ages (defined as sleeping overnight in the same home as the index subject > 50% of the time) were also offered participation. Additionally, subjects from the same gastroenterology clinic who had undergone FMT for R-CDI 6 to 24 months prior to enrollment were offered participation, for household environmental sampling only (post-FMT group). Exclusion criteria for all index subjects included residence in a long-term care or rehabilitation 3 facility, or relocation to a new home within the previous 30 days. For control subjects, an additional exclusion criterion was a history of CDI or chronic diarrhea. There were no exclusion criteria for household members.
Household visit. Each participating household was visited once by study personnel. Peri-FMT households were visited between 7 days before and 10 days after the FMT procedure. At the beginning of the visit, the index subject and any participating household member(s) gave informed consent for participation. All participating subjects in peri-FMT and control households were given kits to collect a fecal sample, including from any household pets (mammals only).
All participants completed a survey, administered by study personnel, that addressed history of CDI or other diarrheal illnesses, underlying medical conditions, current or recent (within 1 year) antibiotic use or healthcare facility exposure, personal hand hygiene, and CDI knowledge. Additionally, the household member responsible for the greatest share of housecleaning completed a survey regarding the usual cleaning frequency of specific household areas (described below), the estimated date when each area was last cleaned, and whether bleach products were commonly used in each area with horse blood and taurocholate (CCFA-HT, Anaerobic systems, USA). Additionally, 1 mL of suspension was inoculated into cycloserine-cefoxitin-fructose broth (CCFB), to help increase the culture yield from the environmental samples [12] .
Fecal samples were processed using a single alcohol shock method involving a 1:1 mixture of stool and 95% ethanol. The stool-ethanol mixture was held at room temperature for 45-60 minutes, with brief vortexing every 15 minutes. Samples were centrifuged at 3000 rpm for 10 minutes. After removal of the supernatant, the stool pellet was streaked onto pre-reduced CCFA-HT plates.
All CCFA-HT plates and CCFB broth tubes were incubated at 37 
Results
Household surveillance. Overall, 8 peri-FMT and 8 control households underwent surveillance of the household environment and the human and animal residents. for a given household group did not shift appreciably when adjusted for mean age of the index patient, mean number and age of household members, number of pets, household cleaning frequency, and bleach cleaning product use ( Table 3) .
Although the 31 C. difficile-positive core environmental samples (i.e., all but one C. difficile-positive diaper changing area sample from a control household) were from diverse household sites, certain high-prevalence sites were over-represented ( Table 4 ).
The site most likely to be C. Table   2 ). All 16 index subjects from peri-FMT and control households provided a fecal sample; of these, two index subjects from peri-FMT households (vs. none from control households) were C. difficile-positive. Both subjects had undergone FMT within 1 week prior to sample collection, and ultimately failed the FMT procedure due to R-CDI (vs.
none of 6 C. difficile-negative peri-FMT index subjects; P = .036). As for other difficile-positive vacuum cleaner, consisted of a single female whose now deceased husband had CDI 6 years prior to the study visit. Although impossible to confirm, we speculate that the C. difficile isolate found in the vacuum cleaner may have been present since the husband's illness. Table 6 shows the molecular characteristics of the 35 C. difficile isolates. Two (6%) isolates were unavailable for molecular analysis, since archived stocks were nonviable. Of the 33 available isolates, all were toxin-producing, with the exception of the isolate from the diaper changing area of a young child in control household #2, which was a non-toxigenic strain (consistent with the high prevalence of asymptomatic C. areas within a given site were cleaned (e.g., whether toilet cleaning included the handle, seat, and/or bowl), whether the bleach product was fresh, how long bleach dwelled before being removed, etc. Therefore, sites conceivably were not cleaned thoroughly/properly, which could allow C. difficile to persist despite regular bleach cleaning.
In this regard, hospital-based studies have shown that suboptimal cleaning techniques are insufficient to kill C. difficile spores, with 7/9 (78%) C. difficilecontaminated hospital rooms remaining C. difficile-positive after routine terminal bleach cleaning by hospital housekeeping staff, as compared with only 1/9 (11%) after intensive 13 bleach cleaning by dedicated research staff [24] . A reason commonly cited for the low overall success of routine hospital room decontamination is the wide variability in cleaning techniques [25] . A study evaluating contamination of healthcare workers' hands also suggested that daily focused cleaning actually may be required to decrease hospital room contamination [26] . Similar considerations may apply in the household, with insufficient cleaning thoroughness or frequency possibly allowing persistent surface contamination despite use of bleach products. A goal for future research would be identify effective and affordable approaches to household C. difficile contamination, and to study them in relation to acquisition of C. difficile and R-CDI risk.
This study has several limitations. First, the cross-sectional, point-prevalence design may have missed transient C. difficile colonization of people, pets, and/or the environment that nonetheless might contribute to recurrence. For instance, C. difficile colonization in healthy dogs has been shown to be very transient [10] . Second, the small number of participating households limits statistical power. Third, since this was a pilot prevalence survey, no effort was made to quantify the amount of C. difficile present, which conceivably could vary in relation to study group or any of the other epidemiological variables, and might influence transmission risk. Fourth, previous and current C. difficile fecal isolates were lacking from most peri-FMT patients for comparison with their household environmental isolates, since specimens were unavailable from the patients' prior CDI episodes and many subjects had extensive recent oral vancomycin use, so unsurprisingly were C. difficile-negative when sampled. Hand washing, h mean ± SD 4.8 ± 0.7 5 ± 0 4.9 ± 0.4 CDI knowledge, i mean ± SD 6.8 ± 1.3 6.6 ± 2.4 7.9 ± 1.9
No. with index subject with ≥ 2 underlying medical conditions g (%) ‡ 5 (62) ‡ 4 (50) 0 (0) ‡ † P < 0.05 for comparison of peri-FMT to post-FMT households using student's t-test (2-sided). ‡ P < 0.05 for comparison of peri-FMT to control households using Fisher's exact test (2-sided).
a Mean time since FMT is 2.4 ± 5.6 excluding outlier of -217 days (FMT delayed unexpectedly after study visit due to chemotherapy).
b Mean ± SD for 6 months post-FMT group is 197 ± 36, mean ± SD for 2 years post-FMT group is 689 ± 143.
c Duration is prior to FMT or study visit (in case of subject whose FMT was delayed unexpectedly for 217 days) for peri-FMT group, prior to FMT for post-FMT group.
d Exposure is defined as > 1 hour spent in a hospital, emergency room/urgent care, outpatient clinic, hemodialysis unit, or long term care facility.
e Antibiotic use did not include antibiotics used for CDI therapy. 
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b Includes total number of samples obtained from that site for all 24 households surveyed. Number may be > 24 due to duplicate sites sampled in a household (e.g., 2 separate toilets in 1 household). Results per individual household group may not sum to total as negative household groups not
shown.
c Site-specific logistic regression, analyzed by using samples collected at each site for all household groups total, not per individual household group.
d Unable to determine, as all households with a Clostridium difficile-positive bathroom sink reported the same cleaning frequency.
e Unable to determine due to low number of Clostridium difficile-positive sites. e Non-toxigenic strain (PCR negative for tcdC gene and toxinotyping (toxins A and B), and positive for pathogenicity locus gene). 
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